!',‘;—— it

VLN &

e
- o« s

TECHNICAL NOTES
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

THE BEHAVIOR OF CONVENTIONAL AIRPLANES
IN SITUATIONS THOUSHT TO LEAD TO MOST ORASHES

By Fred E. Weick
Langley Memorial Aeronautical Laboratory

FILE COPY ]

7o be returned te

the files oF the Tangley

Memorial Aeronautical

Liborltory-

Washington
February, 1831

P



NATIONAL ADVISORY COMMITTEE FOR'AEROﬁAUTIGS
TECHNICAL NOTE NO. 383

THE BEHAVIOR OF CONVENTIONAL AIRPLAWES
IN SITUATIONS THOUGHT TO LEAD TO MOST CRASHES
By Fred E. Welck

Sumnnary

Simple flicht tests were made on ten conventional airplanes

for the purpose of determining their action in the following two

situations, which a¥e generally thought to precede and lead to a

large proportion of airplanc crashes:

1) In an attempt to stretch the glide in & forced iﬁndingz
the airplane is stalled; - ' ‘ |

2) Wnile taking off, particularly if taking off steeply,
the engine falls at a 1ow altitude. '

‘The tests showed that a present day conventional airpiane _
will fall into a spin when a turn is attempted in a stalled B
glide, if 1t has sufficient longitudinal control adtually to
stall it. All of the sirplanes tested had satisfactory stabil
ity and control after engine fallure in a steep‘climb, and it is

therefore concluded that serious accidehts folloﬁing engine fail-

ure in take-off  are probably duec either to striking the ground

vhile attewpting a’ turn or to falling into a spin from a stalled o

glide following the engine failure.
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~ Introduction. . . o

In connection with a program of Tresearch having the aim of -
increasing the safety of aircraft, it became apparent that thers
was little definite knowledge of just What—ordinary present-day
airplanes actually tend to do in situations which are thought to

lead to most crashes. The Worst of these catastrophic situations,

it seems generally agreed, are: ﬁ -

1) In an attempt to stretch. the.glide in a forced landing,

A

the control stick is pulled all the way back, and the airplane
may fall into a spin and crash;

2) In taking off, particularly if the climb is steep, the

-

i -t .ﬂl

engine falls suddenly at a low altitude, presumably causing the

alrplane to fall out of control and crash.

i I|ii.|.

Either of these sltuabions is aggravated by a turn which

i

is likely to be attempted in order to gttain a good landing
site.

The tests described here are simple flight tests made with
a representative range of airplanes to shoW 1in a genergl.way
what actually happens under the above oohditionéz' Although
repfesenting events taking place relatively close to the ground,
the tests were made at an altitude of 3000 feet. Measurements | -
to obtain the vertical velocity at each instant, and estimates
of the change of altitude of the airplane were made to show v
what would have happened had'the-events taken plaoe close %o

the ground. _ - ;
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AiTplanes

The airplanes tested are listed below along with their main

specifications. .
- Approx.|Wing | Wing
Gross |Area | Load-
Airplane | | Engine . : Veight | gLt inc Type
in test 1b./
. . . g l-b' - , 3 sq_'ftl
Doyle 0~2 LeRlond 1,320 | 165 B.C Open Parasol Monoplane
Fleet XMRY-1 Yarner' E 1,580 | 194 | - 8.2 |{Open Biplane
Curtiss Condor 2 Conquerors - 13,500 1512 | 8.9 {Cabin Biplane
Consolidated PT~1 -] Wright E-2 - 2,500 | 283 ]  8.,9-|0pen Biplane
Verville AT Continental 2,180 | 242 | 9.0 |[0open Biplane
Monocoupe Tambert R~266 " 1,300 | 133 | 9.8B{0abin High Wing Mono-
. . plane
Verville Air Coach|Wright J-6-7 2,750 | 266 |10.2 |Cabin High Wing Méno-
_ ‘ ~ _plane
Curtiss Falcon A-3| Curtiss D-12 : 4,300 | 351 12,3 Open Biplane
Northrop Alpha P. &W. Wasp 4,000 | 295 |13.5 [Low Wing Monoplane
Fairchild FC-2W2 |[P. & W. Wasp + 3,890 | 336 .110,.6 |Cabin High Wing Mono-
plane
Fairchild FC-RW2 |[P. & W. Wasp © 4,580 | 336 |13.6 {Cabin High Wing Mdno-
_ o . plane
Fairchild FC-2W2 |B. & W. Wasp | ~ 5,570 | 336 |16.6 |Cabin High Wing Mono-
J plane

The Curtiss dondor, the Monocﬁupe, the.NorthiOp,_and the
Verville airplanes were kindly furnished by the manufacturers,
and were flown by their pilots. The otner alrplanes tested be-
longed to the Government, and were flown by the Gommittee pllots.

The airplcones ranged in size from the 80 horsepower B—plmce
Doyle to the 1200—horsepomer Bl—place Gurtlss Gondor. The w1ng
loadings ranged from 8 to 16.8 1b. /sq £t., the Fairchild having
been tested w1th lO&danS of 10. 6 13.8, and 16.6. In cleanness
of aerodynanmic form the extremes were tne PTel tralning alr-

plane having an extremely high drag and a correspondlngly low

Speed and the Northrop Mpha having a max1mum speed of 170 m.p.h.
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Tests

In the glide tests the throttle was closed at an altitude
of about 3300 feét and the salirplane put into. a normal glide.
The control stick was then gradually pulled back to the limit
of 1ts travel and held there, a straight stalléd glide being
maintained if poséible, using the rudder and allerons 1f nec-
essary. The'time'requirgd to glide from an altitude of 3000
- feet t0°2800 feet  was obtéinéd'by means. of a sensitive Kolleman
altimeter énd & sfop watch. JFrom this the rate of degcent or
the vertlcal oomponent of the velocity Was computed In addi_ .
tlon the approx1nate attitude and motion of the alrplane were
noted.

The test was then repeated with the addition thgt a medium
turn was attempted, the control stick being held in the full
rear position. -

| In the tests made to simulate omsinc failure during take—
off, the airplane was put into a steep full-throttle climb at
an altitude of about 2700 feet, the climb being as steep as
oouid Teasonably be maintained. When sh altitude of 3000 feet

had becen attained, the throttle was suddenly closed and the alr—

plane was put into an ordinary flat glide as quickly as possible,

all controls being handled in what the pilot comsidered the
normal manner. In all cases this wae to case the control stick

forward somewhat, and then ack t6 the position for the normal

1
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glide. In order to determine the importance of the exact method
of handling the controls, two other modifications of this test
were performed. In one, as soon as the power had been shut off,
the control stick was pushed hard forward and -then immediately
pulled back t0 the position for the normal glide.- In- the other
case, the stick wase eased completely back after the power had
been shut off and the airplane held in a'‘stalled glide for a
moment, and then put into a normal glide. -

The tests were also made with the controls all handled in
what seemed: to: the pilot the normal manner, but with the addi-
tion that, as soon as the power was cut off, the airplane was-
put into a fairly sharp turn. This simulated the condition in -
which, the cagine having failed just after take-off, an gttempt
is made to turn back and land on the airport.

In each of the foregoing tests the altitude and the vertical
velocity of the alrplane at any instant were obtained by means of
. the sensitive Kollsman altimeter and a bank of gix stop watches
(Figure 1). During the steep climb the altimeter.pointer Was
kept ot the 3000-foot mark by manipulating the adjusting knob.
At the time the power was cut off the altimeter thercfore read -
an even 3000 feet, and no further adjustment was made. Also,
at the instant the power was cut off a1l six stop watches were
started simultaneously. The airplane continued to rise g short
distgnce because of its momentum, and as it passed dowm through

the even 3000-foot point again, one of the watches was stopped.
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Thereafter, one watch was stopped at eash 50-foot interval, of
descent, the last being at an altitude of 3750 feet.

For each test the altitude was plotied against time. .

¥

Figure 2 shows the results for the Fairchild with a wing loading
of 16.6 1b./sd.ft. and normal handling of the controls. The
. curve shows that the airplane rose about 30 feet aftcr the power
was cut off, and. took 5.3 seconds ta get down to the same alti-
tude. The vertical veloeclty is shown by the slope of the curve,
the nmaximum value in this case being 30 feet per second and
occurring after an altitude loss. of 20 or 30 fe&t. In its final
normal glide the alrplane had a vertical velocity of 13 feet per
second, which was attained .only after an altitude loss of about

Similar ocurves, for sll four methods of handling the controls _ ;:
aTe given for the same airplane and loading in Figure 3. The
vertical velocity attained in the case in which a turn is made is
of no particular significance for it depends to a. large extent on  _
the angle of bank and the sharpness of the turn.” - '

In addition to the altitude and time data, observations were

made of the attitude of the alrplane at each point and of the

The attitude values, which were obfained by sighting against
the horigon, are thouzsht to ke correct within 5°, The Kollsman
altimeter is very sensitive, having a scale with divisions of v

10 feat, and has practically no lag. As the altitude changes,
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however, the hand has a somewhat irregular motion which causes a
slight error. The results are.also.affected by the influence of
the-air flow on the static pressure in the cockpit or cabin; but
this is thought to have been reasonably constant throughout the
test from the timé that the en~ine was throttled. Everything con-—
sidered, the vertical veloclties are thought to be correct within 

1 or 3 feet per second.
Results

The results 6f all of the tests are tabulated below in the-

order of the wing loadings.

Wing | Stalled Glides Power Cut in Steep Climb
Loading,: Straight,|Turn|Max. Vertical Velocity, Altitude
Airplane | "1b./ | Max.Vert. ft./sec. Loss to
sq.ft. | Velocity, ormal Stick]Stick[Turn Normal
ft./sec. Omtrol|Hard jFull Glide,
For- |Back ft.
- ward
Doyle 0-2 8,0 24 Spin| 16 17 25 {0.K. 0
Fleet XNRY-1 8.2 24 Spin| 11 10 25 10.K. 0
Curtiss Condor 8,9 10 O.K.] 15 19 12 j0.K. 0
Consolidated PT-1 8.9 24 0.XK.| 20 25 37 |0.X. 150
Verville AT 9.0 16 0.K.| 22 15 12 0.K. 50
Monocoupe 9,8 - Spiny 9 - 37 |0.K. 0
Verville Air Coach| 1043 Spin Spin| 12 ] 12 |0.K. 0
Falrchild FC-2W2 10.6 19 Spin| 14 g 13  (0.X. 50
Curtiss Falcon A-3]| 12.3 15 0.K.| 20 18 30 j0.K. 100
Northrop Alpha 13.5 17 Spin| 23 - 24 10.K. o]
Fairchild FC-2W2 13.6 20 Spin| 19 11 25 0.X. 75
Fairchild FD-2W2 16.6 23 Spin| 20 .| 16 28 |0.K. 100
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Stalled glide tests.—~ The third column in the above table

gshows the vertical velocities attained in the straight glides
with the control stick full back and the stebilizer, if adjust-
able, set at the maximum negative angle." It is moteworthy that
in every case except one the airplanes cbuld be.ield in a
Istraight glide with the full avallable 10ngitﬁdfhal control in
use, although in some cases; considerablé skill in the use of the
allerons and rudder was required of the-pilet. fven in the one
case in which one wing dropped and the ailrplane started into a

spin, it is quite likely that with a 1ittle practice a stralight

glide could have been maintained,

The vertical velocities -of the different airplanes in the
stalled glides"Varié¢,f;o?jloﬁ$o'24 feef"per sedond. One would
expect an increasé.in:the vgﬁi@cal %elééity wi%ﬁ an increase in
wing loading, and thié”expeotaiionjis substantiated by the ve-
locities obtained with'ﬁhc Eaiiéhild tested with three different
loadings. Gohsidératioﬁ of'ﬁhq_?eSts on. the various airplanes
shows, however, that the vertidal.velocities do not fall in the
order of theé wing_lqadings,fior;sbme of. the most lightly loaded
have the highést rates of descént. The vertical velocity depends
8180 on the angle of glide, Waich is in turn determined by the
ratio of 1ift to drag of the alrplane at the aﬁg;e of- attack
attained. The L/D decreases rapidly with increase of the angle
of attack at the high values attained with the longitudinal

controls fully deflected, and the steepness of the glide and the

il
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vertical velocity therefore depend largely on the maximum angle
of attack at Which the longitudinal control can force the air_
plane to glide, |

4s shown in the fourth column of the table of results,'of
the ten conventional airplanés tested six went into spins when
a turn was attempted in a stalled glide, while four could be
turned satisfactorily and kept under complete control, although,
of course, tﬁe effect of the ailerons Was Tather weak and
sluggish. It ié particularly interesting that three of these
airplanes which would turn satisfactorily without spinning had
the lowest vertical velocities measured, indicating that these
airplanes probably did not.have suffiqieht stabilizer and ele-
vator control fto get them up to as high an angle of attack as
?he OEPGTS, and that therefore they were not actually stalled.
The fourth sirplane, the PT-1, which would turn satisfactorily
but had a-high vertical veloclty, was a t;aining airplane
having an extremely high drag, so that very likely its L/D ratio
was low enough to give.a stéep glide even though the angle pf
attack was not above that for maximum 1ift.

From this analysis it 1s apparent that with present day
conventional airplanes the danger of accidentally falling into
a spin from a stalled glide depends on the maximum longitudinal
control ayai}able. With a large amougt of control.ayailgble? it
is probable that any conventional airplane wili_ fall into a spin

1f a slight turn is attempted during a glide with the control
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gtick fully back and the stabilizer set in the full tail—hegvy
position. On the other hand, apparently it is possible,
although no doubt with present knowledge exceegdingly difficult,
so to balance the conditions fhat the -longitudinal control is
sufficlently powerful to be aatisfacfory in éll conditions of
flight and landing; and still ie so 1imited that the airplane
cannot be put into a spin without the aid of power. In fact
one of the airplanes tested, the Verville AT, fulfills these

conditions.

Engine-Fallure in take—off.—- In the tests representing
engine failure in take-off, all the alrplcones handled very .
satisfactorily both in reepect to control and_in respect to
etability. They all had attitudes with the noses pointed 20°
to 30° ‘above the horizontal in the steep climb. In every case,
regardless of the manner in which tle conﬁrolé‘we;o handled,
the nose swung down to an anproximately horizontal position
immediately after the power was out off, Most of them could
be put into a normal flat—glide from whiéﬁ a satisfactory
landing could be magde by the time they had lost their upward
momentum and returned to the altitude 1e§el'at:which the power
had been out off: In the Worst case, which was With the PT-1,
(having a relatively light wing loading but an exceptionally
- high drag), a vertical disbtance of 150 feet was lost before the
vertical #elécity was reduced t6 that of a ﬂbrﬁal glide. In

every .case, - -however, the vertical velocitiss and-the attitudes

.
P

it
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of the airplanes were such that a 1and1ng could have been made
ab any pdint w1th relative safety to tne oocupants._ In the
worst cases it seems likely that, if the alrplane were not
turned and had a clear spdt on Hich ‘to land a hard but flat
landing would occur, reéulﬁihg‘in’tﬁé'failuré of the landing
gear and poss1bly ‘0of other parts of 'the structure Eut with

no great danger ‘to the oocupants. ' T

In 'some of the’ocdses it was found thot fishing the control
stick fully Forward suddenly, and thern immediately pulling it
back to the posifion £6T ‘a normal glide tésulted in a somewhab
lower rate of descéent tharn the gentle? normal opération. In
other cases, however, this immediately put the airplane into
a steeper dive than was necessary.

Even when fhe'contrbl'stfok'ﬁaé'ﬁﬁlled ali thé-way“bdck
after the power was cut bff, none of the airplanes d4id anything )
which seemed particularly danéérbus éxceﬁt that hiéher rates 6f—
descent were attained than When the controls Weré handled in
what was considered the normal manher. '

All of the alrplanes ‘could be satisfactorlly put into g
turn immediately after the power was cut off the controls belngh
handled normally. ' This simulateéd the condition in which the
engine fails just after the take-oSf, and the pilot attempts to
turn back and land on the field. I this connection it should |

be kept in mind that although the alrplanes tested could all be

put into a turn'immediaxely”éfter'the cn~ire failed, and could
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be controlled quite satisfactorily, no turn in a glide without
power can be made without congiderable loss of mltitude. This
loss, for a turn of 180°" after the power was cut off in a steep
climb, was measured with the Fairchild. The tests were made
with the three different loadings, the pilotlin each case making
the turn in the manner in which he considered the altitude loss
would be the least. The altituge required was from 250 to 300 _
feet, the lowest value being with ﬁhe lighest loading. In con~
gideration.of this fact, it would secem inadvisable ever to turn
back toward the field in case of engine failure during take-off;

uniess an altitude of at least 400 or 500 feet has been attained.
Concluslons

-l. Present day conventional airplanes will fall into a spin
when a turn is attempted in a stalled glide, if they have suffi-
clent longitudinal control actually to stall then.

3., Ernginc failure during take—off will not of itself cause
loss of control or particularly dangerous vertical velocities.
This conclusion does not apply, however, to the failure of one
wing engine on an airplane having tWo or more engines.

3. Since all of the airplanes tested had satisfactory
stability and control after motor failure in a steep climb, it
1s likely that serious accidents following cnginc failure during
take~off are due either to the alrplane striking the ground on

one wing and its nose while in a turn, or to the airplane
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starting into a spin because of an attempted turn in a stalled
glide following the cnginefailure.

4, Research aiming to increase the safety of aircraft
should be concentrated on the development of satisfactory
lateral st&bility and control throughout angles of attack as
high as can be attained with the longitudinal controls available.
Langley Memorial Aeronautical Laboratory,

National Advisory Committee for Aeronautics,
Langley Field, Va., November 34, 1930.
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